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BURNER RIG CORROSION OF SIC AT 1000 °C 

Nathan S. Jacobson, Carl A. Stearns, and James L. Smlalek 
National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 44135 

ABSTRACT 

Sintered <*-SlC was examined In both oxidation and hot corrosion with a 
burner rig at 400 kPa (4 atm) and 1000 °C with a flow velocity of 310 ft/sec. 
Oxidation tests for times to 46 hr produced virtually no attack, whereas tests 
with 4 ppm Na produced extensive corrosion In 13-1/2 hr. Thick glassy layers 
composed primarily of sodium silicate formed In the salt corrosion tests. 

This corrosion attack caused severe pitting of the silicon carbide substrate 
which led to a 32 percent strength decrease below the as-received material. 
Parallel furnace tests of Na^O^/alr Induced attack yielded basically 
similar results with some slight product composition differences. The 
differences are explained In terms of the continuous sulfate deposition which 
occurs In a burner rig. 

INTRODUCTION 

Silicon carbide Is being considered as a prime candidate ceramic material 
for hot-gas-path components In advanced combustion turbine engines. 

Therefore, It Is essential to know how silicon carbide responds to conditions 
which might be encountered In the operation of such heat engines. The work 
reported here was undertaken to assess the high temperature environmental 
durability of alpha-silicon carbide (a-S1C) under conditions which are known 
to produce corrosive attack of superalloys in combustion turbines. The 
primary corrodant Is molten sodium sulfate, formed by the reaction of sulfur 
impurities In the fuel and Ingested sodium chloride. Degradation by this salt 
Is termed "hot corrosion." 



Ceramic components In heat engines are expected to operate at 
significantly higher temperatures than their superalloy counterparts. 

Therefore It has generally been assumed that sodium sulfate will not deposit 
and hot corrosion will not occur. 1 Higher operating temperatures can 
decrease the possibility of sodium sulfate deposition, especially as the dew 

i 

point Is approached. However high operating pressures of present and future 
engines raise the dew point and allow deposition to occur at higher 

p 

temperatures. Therefore It Is not unreasonable to expect that certain 

regions of hot-gas-path components will be In temperature-pressure-salt 

concentration domains where deposition can take place and therefore the 

existence of molten sodium sulfate on ceramic surfaces Is not precluded. 

Evidence has been accumulating which Indicates that this molten sulfate can 

3-8 

severely attack SIC and SI 3 N 4 - 

c. o 

We have recently shown ” In laboratory furnace tests that sodium 
sulfate Induced corrosion degradation of a-S1C can be very severe at 1000 °C. 
Specimens of a-S1C were coated with thin films of Na 2 S0^ and corroded In 
both S0»-0 5 and air environments. Thick glassy products, composed of 

W L 

silica and silicates, formed after only 1 hr. Removing these products with HF 
revealed that corrosion severely pitted the SIC substrate. Strength tests 
after 48 hr showed ~50 percent strength decrease for the Na 2 S0 4 /S0 3 -0 2 
corroded SIC and ~40 percent for the Na 2 SD^/a1r corroded SIC. 

Fractography studies proved that corrosion pits were Indeed the primary 
sources of failure. 

There Is only limited Information on burner rig corrosion tests of 

Q 

ceramics. Rlcherson and Yonushonls showed In cyclic burner rig tests that 
both hot pressed and reaction bonded silicon nitride undergo a strength 
reduction as a result of exposure to a flame seeded with 5 ppm sea salt. 
Schllchtlng 10 has also shown that silicon nitride Is attacked by sodium 
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sulfate In a burner rig. Finally, Napier 11 has very recently reported 
engine test results for reaction bonded silicon carbide tested at 960 °C with 
3 ppm sea salt. While It Is not clear if deposition did or would be expected 
to occur, numerous failures of silicon carbide were observed after 25 hr of 
testing. 

In the present study, SIC was examined In a burner rig under accurately 
controlled conditions. This enabled selection of parameters to allow 
deposition of sodium sulfate In all runs. Tests were run at 1000 °C— a 

g 

temperature at which furnace tests show rapid kinetics. After a run, 
product morphology and composition were determined. In addition, the strength 
of the corroded specimens was determined and compared to that of the 
as-received specimens. 

Burner and furnace tests have both been used to study the hot corrosion 
1 2 

of superalloys. Burner rigs more closely model the situation encountered 

In a gas turbine. However It Is difficult to control the various test 

parameters, as can be precisely done In a furnace. Due to this fact, there 

1 2 

may be a disparity between these two types of tests for superalloys. Hot 
corrosion studies of ceramics are relatively recent, so parallel furnace 
studies were performed to assess the differences and similarities between 
burner and furnace hot corrosion tests of ceramics. 

Experimental 

The material studied was commercially available sintered <s-S1C.* This 

material has high strength retention at elevated temperatures and shows 

1 3 

particular promise for future applications. Samples were cut to 
approximately 2.5 by 0.5 by 0.25 cm and ground to a 15 ym finish with diamond. 


‘Carborundum Hexaloy, Ca. 1977, Niagara falls, N.Y. 
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As mentioned, It Is essential to understand the factors which control 
deposition before Initiating burner corrosion tests. Liquid sodium sulfate 
forms from the reaction of the vapor species: 

2NaCl(g) + SOg(g) + - 0 2 (g> + » 2 0(g) Na 2 S0 4 (a) + 2HCl(g) (1) 

The dew point Is the highest temperature at which condensed phase sodium 

1 4 

sulfate can form and was calculated from the NASA CECprogram. This 
computer program calculates chemical equilibrium Information by minimizing 
free energies. Table I lists the dew point for a realistic range of added 
sodium (as sodium chloride) and 0.05 weight percent sulfur In the fuel 
(Jet A). The concentration of sodium Is defined here with respect to the air 
flow rate. A fuel to air ratio of 0.025 was used since this gave a sample 
temperature near 1000 °C. Table I lists dew points at both 100 and 400 kPa 
(1 and 4 atm). Note that 400 kPa (4 atm) raises the dew point 60 to 70 °C and 
Is necessary to obtain deposition above 1000 °C for sodium concentrations 
equal to or greater than 1 ppm. 

Thus testing at high pressures Is Important for several reasons. First 
It more accurately models the conditions Inside the engine. Second It raises 
the dew point to 1000 °C or greater with the appropriate sodium concentration. 
Laboratory studies on SIC Indicate Important corrosion effects occur at this 
temperature. It should also be noted that higher pressures Increase the 

p 

Na 2 S0 4 deposition rate , which may lead to more severe corrosion. For 
example, a 400 kPa (4 atm) 4 ppm Na burner exposure deposits Na 2 S0 4 on 

samples at 960 °C ten times faster than a comparable exposure at 100 kPa 

* % 15,16 
(1 atm). 

■ All burner rig testing was carried out In the apparatus shown 
schematically In Fig. 1. This apparatus could accommodate testing at 
pressures up to 400 kPa (4 atm). Burner rig oxidation (without NaCl) and 
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corrosion (with NaCl) tests were run at a fuel to air ratio of Q. 025+0. 002 
which yielded a sample temperature of 990±10 °C. Host corrosion tests were 
done with 4 ppm sodium, however a few were done with 1 ppm sodium. The sodium 
was added to the flame by air aspirating a sodium chloride solution Into the 
combustor. The gas flow velocity over the test sample was 31 0±1 0 ft/sec. For 

i* 

♦ 

some runs, various numbers of cycles, Intentionally or Inadvertently, occurred 
In the testing. A cycle was when the burner turned off and the sample 
temperature and system pressure decreased to ambient. In the corrosion tests, 
reheating of the sample to test temperature was always done In the oxidation 
mode, l.e., without salt added to the burner. One-half hr at temperature In 
the oxidation mode always preceded corrosion mode testing. No effect of 
cycling, for up to five cycles, was noted In either oxidation or corrosion of 
the a-S1C samples. 

Samples were supported In grade A lava (aluminum silicate) holders. The 
samples had their length perpendicular to the flow and their thickness facing 
the flow. Initial experiments were done with a nickel base alloy (RA 330) 
test section. Under these conditions, the alloy test section severely 
corroded and deposited various transition metals on the SIC samples 
(Table II). Therefore the alloy test section was replaced with an alumina 
tube, which gave substantially cleaner corrosion products (Table II). Despite 
the Impurities In the first set of specimens, the corrosion products had 
similar sodium and silicon quantities and morphologies as the set run with an 
alumina liner. 

In order to characterize similarities and differences between burner and 

furnace tests, sintered &-S1C was also corroded In a laboratory furnace. 

2 

Samples were coated with 2 to 3 mg Na 2 S0 4 /cm and placed In a tube 
furnace at 1000 °C with a flowing air atmosphere. It will be shown that this 
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atmosphere comes close to duplicating the situation encountered In the burner 
rig. 

Corrc^d specimens from both tests were analyzed with conventional 
methods. Product morphologies were determined from both optical and scanning 
electron microscopy (SEM). The corrosion products were easily removed by a 

10 percent Hf solution, allowing examination of the SIC substrate. In 

♦ 

addition, the amounts of Na, SI, and S0^ In the HF solution were 
determined by chemical analysis. 6 This gave the amount of Na 2 Q, Si 0 2 , 
and Na 2 SQ 4 In the glassy products. Corroded specimens were also sputter 
coated with a layer of gold and copper plated. Mounting and polishing to 1 pm 
gave a cross section for electron microprobe examination. 

For strength tests, the large lumps of glassy corrosion product on the 
specimens had to be removed by polishing to permit accurate alignment In the 
four point bend test fixture. This was done first with SIC papers and then 
15 pm diamond. The modulus of rupture was measured In a four point bend 
fixture with an outer span of 1.9 cm and an Inner span of 0.95 cm and a 
loading rate of 0.05 cm/mln. The bend strengths were calculated based on the 
original specimen dimensions to give a true measure of the retained load 
carrying capability. However the final specimen thickness due to surface 
recession and post-corrosion polishing was only reduced ~20 pm, which would 
cause only a 2 percent change In the calculated strengths. Fracture origins 
of the corroded specimens were Identified with the SEM. 

RESULTS AND DISCUSSION 

Figure 2 shows two specimens— one oxidized for 46 hr In a burner with no 
salt added, and one treated for just 13-1/2 hr In the same rig with 4 ppm salt 
Injected. The oxidized sample shows essentially no corrosion attack and looks 
very similar to the as-received samples. However the sample exposed in a salt 
containing environment shows a thick product with considerable corrosion 
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evident. Much of this glassy product Is on the trailing edge (l.e., furthest 
from the combuster) of the specimen. This suggests that either liquid sodium 
sulfate or the liquid glassy products are blown to the rear of the specimen by 
the high gas velocities. 

Figure 3 Is a detailed view of the product layer. Portions of this 
product were chipped from this specimen mechanically to examine the Interior 
of the layer. Figure 3(b) is a region close to the product/carbide Interface 
and Fig. 3(c) Is the underside of a portion of spalled product. Note the 
extensive bubble formation— Indicating that the corrosion reactions generate 
locally large gas pressures. These bubbles created a delicate product 
structure, which could spall easily. 

Figure 4 Is a polished cross section of these products. Elemental 
mapping revealed a uniform distribution of silicon, oxygen, and sodium. Host 
of the sulfur Is at background levels, except for a few concentrated regions. 
These results suggest that the scale Is composed primarily of Na 2 0»x(S1Q 2 ) 
and a few regions of Na 2 S0 4 . X-ray diffraction of the scale did not 
Identify any crystalline products. 

Chemical analysis revealed further Information about the composition of 
the products. These products were essentially Insoluble In water, however 
they readily dissolved In a 10 percent HF solution. Sodium silicate should 
dissolve In water and HF, silica should dissolve In HF only. SEH/energy 
dispersive spectra analyses of the corrosion products Indicated that the 
relative level of the sodium decreased from ~5 percent of the silicon peak to 
~1 percent of the silicon peak after 2 hr In warm water. No dlscernable 
morphological changes were obtained despite the apparent slight dissolution of 
sodium silicate. Thus It Is likely that the sodium silicate Is trapped In a 
. silica matrix. This explains why the products were only soluble In HF, 
despite the elemental maps (Fig. 4) which showed primarily sodium silicate. 
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The HF solution was analyzed for sulfate anion, sodium, and silicon. 

From these quantities, the amounts of NagSO^, Na.,0, and S10 g were 
calculated. 6 These results are shown In Table III. Note there Is only a 
small amount of Na 2 S0 4 and a larger amount of Na 2 0. Apparently after 
Na 2 S0^ deposits, It decomposes to Na 2 0. Using the appropriate 

2 

stoichiometric relationships, a deposition rate of 0.63 mg Na 2 S0^/cm -hr 
Is calculated for position 1. This shows reasonable agreement with a rate of 
~2.2 mg Na 2 S0 4 /cm 2 -hr estimated from deposition theory. 15 '^ 6 Table 
III also shows a difference In the amount of sodium deposited on samples In 
positions 1 and 2. It may be that some sodium sulfate deposits on the walls 
In between the two samples or that the flame does not fully recover after 
Impinging on the first specimen. Nonethless, deposition and hot corrosion 
occurred on both specimens. 

Table III also presents the large quantities of S10 2 formed In hot 

2 

corrosion as compared to oxidation which gives only ~0.5mg S10 2 /cm at 

1000 °C. 6 Note also that the ratio of SI 0 2 to Na 2 0 Is ~4 to 5, which Is 

8 17 

near the llquldus In the Na 2 0-S10 2 phase diagram ’ . This position In 

the phase diagram Indicates that the products should be primarily liquid 
sodium silicate, with a small amount of pure silica. This Is consistent with 
the cross section and elemental maps (Fig. 4). 

As mentioned previously, sintered a-SlC contains ~3 percent excess 
carbon. In furnace tests using Na 2 S0^ with a 0.01 percent S0 3 /0 2 
atmosphere; SIC with excess carbon corroded dramatically, whereas SIC without 
excess carbon did not corrode. However In furnace tests using Na 2 S0^ with 
an air atmosphere, SIC with and without excess carbon corroded. In order to 
determine the effect of excess carbon In the burner, some hot-pressed (alumina 
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containing) S1C + was examined. Chemical analysis results are presented In 
Table III. These are very similar to the product compositions obtained for 
sintered <*~S1C. Furthermore the morphologies of the corrosion products on 
both hot-pressed and sintered a-S1C were very similar. This Information 
suggests that burner corrosion of SIC is not very sensitive to the particular 
addltl’ve used In the ceramic. Thus burner experiments show similar behavior 
to Na 2 S0^/a1r furnace experiments. 

The preceding observations and results can be used to derive a corrosion 

6 B 

mechanism. It has been shown In furnace tests, that corrosion often 
occurs by repeated oxidation and dissolution: 

SIC + | 0 2 * S10 2 + COt (2) 

S10 2 + Na 2 S0 4 •* Na 2 S10 3 + SOgt (3) 

This process very likely occurs In the burner rig. The released CO and S0 g 
very likely forms the bubbles shown In Fig. 3. The sodium silicate observed 
In the cross section and In chemical analysis probably forms by reaction (3). 

It should be noted that reaction (3) Is not thermodynamically favorable. 

However the high gas velocity In the rig removes S0 3 as rapidly as It Is 
formed, which drives reaction (3) to the right. In a burner rig, sodium 
sulfate Is continuously deposited. This means that reactions (2) and (3) 
could continue until large amounts of the SIC are consumed. 

Removing the products by HF dissolution revealed a dramatic pitting 
attack of the SIC substrate. A view of the entire width of the corroded bar 
Is shown In Fig. 5(a). Note the difference between the leading edge (closest 
to combustor) and trailing edge (furthest from combuster). The leading edge 
(Fig.- 5(b)) exhibits deep 100 pm wide pits but only a small amount of overall 


+NC 203, Norton Co., Worcestor, Ha. 
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surface recession (<5 uni). The corrosion products on this part of the sample 
were thin due to the sweeping effect of the high velocity gas stream 
{Fig. 2). The trailing edge In Fig. 5(c) shows more uniform and smaller 10 to 
20 pm Pits, but substantial overall surface recession (~20 urn). This Is 
presumably due to the greater amount of Na 2 0»x(S10 2 ) products present 
here ‘(fig. 2) which suggests more corrosion. 

These surface pits led to a substantial strength , ‘eduction In the 
corroded specimens relative to the as-received specimens. These results are 
shown In Fig. 6 and Table IV for nine burner rig specimens. The average 
strength value was 278 MPa or a strength decrease of 32 percent below the 

7 

as-received material. No significant difference was found between 
specimens run with the metal liner anil specimens run with the alumina liner, 
as shown In Fig. 6, Indicating that the cation Impurities did not 
significantly affect the corrosive properties of the Na 2 S0^ deposits. 

As with most studies of comparative strengths of ceramic materials, a 
statistical analysis of the data Is Imperative to make meaningful 
conclusions. The 95 percent confidence Interval for as-received and corroded 
specimens Is shown In Table IV. This Interval for the corroded specimens Is 
below that of the as-received specimens. Furthermore the 95 percent 
confidence Interval for strength reduction, do not overlap with zero 
which Indicates that significant reductions occurred according to the 
Student's t-test. 

Fracture origins were Identified for several corroded specimens. This Is 

shown In Figs. 7 and 8. Both figures Indicate that the fracture origin 

\ 

existing at the center of the radial crack lines Is a corrosion pit filled 
with a glass corrosion product. Removal of the corrosion product by HF 
dissolution revealed the nature of the pitting attack, .shown Irt Figs. 7(c), 
and 8(c). Figure 7 Is an origin for fracture Initiated on the leading edge of 
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the specimen, where the pits were quite deep. Figure 8 Is an origin for 

fracture Initiated on the trailing edge, where the pits were shallower but 

overall surface recession was greater. 

To further Illustrate the control of fracture strength by these corrosion 

pits, the fracture stress was plotted as a function of pit dimensions In 

1 3 

Fig. 9’. According to the approximation of Bansal, the relationship of 
fracture stress to elliptical crack size Is given by! 

(o f +5 percent) « ^ (4) 

Here Y Is a geometrical parameter, approximately equal to 2.0 for surface 
flaws; K IC Is the fracture toughness; and A Is the flaw area given by 
irac/2, 17 Thus for semi-elliptical surface flaws having depth a and width 
2c, equation (4) becomes: 

K 

<j f » 0.75 (5) 

T (ac) 

The line In Fig. 9 Is for such a relationship, with K JC *= (2.79±0.17) 

1/2 19 

MPa»m , obtained by the chevron notch technique. This Is close to 

7 

other K IC values obtained for this material. The Individual data points 

were obtained from the pit dimensions at the fracture origins. These data 

1 12 

cluster about the line and yield an average K IC * (3,30±0.72) HPa-m , 

19 

which Is not statistically different from the chevron notch K IC value. 

t 

This behavior Is similar to that found In an earlier study of the fracture 

7 

origins due to salt-film furnace corrosion of a-S1C. The scatter In the 
data Is due to Interactions between other pits, the Irregular shapes of the 
pits, and pits that were not associated with atomically sharp cracks. 

The major observations about burner rig corrosion of SIC can be 
summarized as follows. The corrosion products consist of thick, glassy layers 
of Na 2 0»x($10 2 ) which contain numerous trapped bubbles. These products 
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very likely form as a result of repeated oxidation and dissolution. 

Furthermore this process does not seem to be a function of any particular 

additive In the ceramic. Corrosion causes severe pitting of the SIC 

substrate. These pits were typically fracture origins and led to a 32 percent 

strength decrease over as-received SIC. 

the preceding burner rig observations are very close to laboratory 

furnace results for a-S1C coated with Na 2 S0 4 and corroded In a flowing air 

environment at 1000 °C. 6 After 13-1/2 hr, under these conditions, thick 

glassy products form, which contain many trapped bubbles (Fig. 10). Chemical 

compositions of these layers (Table III) show less Na 2 0 and SI 0 2 than the 

burner rig. In addition the S10 2 to Na 2 0 ratio Is greater In the furnace 

case. A S10 2 to Na 2 0 ratio of 6.2 Is well within the two phase region of 

B 17 

the Na 2 0-Sl0 2 phase diagram. ' This Indicates the products should 

contain a substantial amount of pure silica and sodium silicate. Indeed, the 

cross section (Pig. 11) of the furnace specimen shows a layer of pure S10 2 

needles bh the SlC substrate. This does not occur In the burner rig case 

(Fig. 4). These differences can be explained by the continuous deposition In 

the burner rig case versus the one time deposition In the furnace case. 

Continuous deposition of Na 2 S0 4 gives the larger amount of Na 2 0 and 

allows the oxidation-dissolution process to continue Indefinitely, which gives 

a very thick sodium silicate scale. In the furnace tests, mechanism studies 

» 

have established that once all the sodium sulfate has been consumed, pure 

0 

silica grows on the carbide. This layer of silica eventually stops the 
reaction. 

Figure 12 Is a surface view of the furnace corroded SIC specimen after 
removal of the products by HF. As In the burner case, extensive pitting 
occurs. As expected pitting In the furnace case Is much more uniform than In 
the burner case. Nonetheless, after 48 hr, furnace corrosion causes a 
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38 percent strength decrease over the as received material (Fig. 6). A 
statistical treatment In Table IV shows that this Is essentially the same as 
the strength decrease caused by burner rig corrosion. The plot of fracture 
stress versus pit depth (Fig. 9) also Includes some Na 2 S0 4 /a1r furnace 
corroded specimens. Note that these show essentially the same behavior as the 
burner rig specimens. This burner/furnace parallel Indicates that the 
Insights gained from the precisely controlled laboratory furnace experiments 
are very valuable In the more applied tests. 

All of the burner rig tests discussed have been at 1000 °C for 13-1/2 hr 
with 4 ppm Na. In order to determine the effect of salt content, some samples 

were run with 1 ppm Na. After 13-1/2 hr, only a very small amount of glassy 

product was observed. However after 40 hr, a thick glass layer, similar to 
that In Fig. 2(b) was observed. 

CONCLUSIONS 

High pressure burner rig testing has been used to examine the corrosion 
of sintered a-S1C. High pressures, temperatures, and gas velocities In a 
burner provide a more accurate model of a future ceramic engine. 

Conditions were carefully chosen to allow sodium sulfate deposition. 

Host tests were run at 4 atm, 1000 °C and for 13-1/2 hr. Jet A fuel 

(0.05 percent sulfur) was used with 4 ppm sodium aspirated Into the 

combuster. Under these conditions, severe corrosion of SIC occurred. Thick 
glassy layers of Na 2 0»x(S10 2 ) formed on the carbide surface— very likely 
by repeated oxidation and dissolution. Removing the glassy products with HF 
revealed a severe pitting of the SIC caused by the corrosion process. These 
pits were typically failure origins and led to a 32 percent strength decrease 
below that of the as-received material. 

Parallel furnace tests were performed by spray coating ~2.5 mg 
2 

Na^SO^/cm on SIC samples. These were placed In a furnace at 1000 °C 


13 



for 13-1/2 hr. Morphologies of the corrosion products were very similar to 

those obtained from the burner rig. Compositional differences In produces 

from the two types of tests were due to the continuous deposition of sodium 

sulfate In the burner rig versus the one-time deposition of sodium sulfate In 

the furnace. Furnace tests also produced pits In the SIC substrate. These 

pits led to a comparable strength decrease. The close burner/furnace parallel 
* 

establishes the value of controlled laboratory experiments as an aid In 
understanding the actual corrosion process. 
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TABLE I. - DEW POINTS (°C) FOR SODIUM 
SULFATE DEPOSITION 


[0.05 percent sulfur In the fuel, 
fuel/air « 0.025, Na added as 
NaCl . ] 


Na, 

ppm 

IxlO 5 Pa, 
(1 atm) 

4x1 0 5 Pa, 
(4 atm) 

0.5 

920 

981 

1.0 

938 

1001 

2.0 

954 

1020 

3.0 

964 

1030 

4.0 

970 

1030 


TABLE II. - CHEMICAL ANALYSIS OF CORROSION PRODUCTS-RUN IN 
BURNERS WITH DIFFERENT LINERS 


Liner 

Position 

Na 

SI 

N1, 

mam 

mm 

EDI 



wt % 

wt % 

ppm 


■Si 

ESI 

RA-330 

1 

mm 

32 

59 100 

EEWfffl 

4 700 

1 182 


2 

H 

31 

84 170 

Lily 

10 000 

2 000 

A1 2°3 

1 

14 

33 

<0.05 



<0.05 

2 

16 

33 

680 


film 

<0.05 
















TABLE III. - CHEMICAL ANALYSES OF CORROSION PRODUCTS 
1000°C~13,5 hr TREATMENT 


[All quantities In mg/cm 2 .] 


Material 

Test 

Position 

Na 2 S0 4 

Na 2 0*x(S10 2 ) 






Na 2 0 

S10 2 

X 

Sintered 

a~S1C 

Burner 
13-1/2 hr 

1 

0.06 

3.71 

14.72 

4.1 


4 ppm Na 

2 

0.28 

1.63 

8.50 


HP-S1C 

Burner 
13-1/2 hr 

1 

0.01 

3.60 

15.81 



4 ppm Na 

2 

0.01 

1.70 

7.80 


Sintered 

a-S1C 

Furnace 
13-1/2 hr 

Average of 
two 

0.01 

0.79+0,19 

4.77+0.77 

■ tWV 


TABLE IV. - STRENGTH OF Na2S0 4 CORRODED a-SIC 



MPa 

s, 

MPa 

n 

95 percent C.I. 
of cf, MPa 

i 

Aa 

95 percent C.I. 
of Aof, MPa 

Significant 

reduction 

As-rec 'd 

409 

62 

15 

433,375 

(39 



Burner r1g a 

278 

58 

9 

322,233 


185, 77 

/ 

Furnace* 3 

251 

45 

8 

288,213 


210, 106 

✓ 


a 4 ppm Na, 4 atm, 1000 ’C, 13.5 hr. 
b 2-3 mg/cm 2 Na 2 S0 4 , 1 atm air, 1000 °C, 48 hr. 
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figure 1. - Schematic ol high pressure burner rig. 



46 hr 13. 5 hr 

Figure 2. - Optical macrographs ol smteredo SiC treated in the 
burner rig. lai For 46hr with no Na. ibiFor 13. Shr *ith 4 ppm 



figure 4 . • ttectron microprooe analysis 01 a poiisneo cross section 01 qiassy prooucis lormeo uy ourner rig cor rosiun 
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Figure i. • Surface view 0 » burner ng corroded S(C (products removed by Hfi. Hi View along entire temple width, ibi lo- 
dgement ol region typical 0 » leading edge. let lodgement ol region near trailing edge. 
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CORROSION CORROSION 
(1000°C/IJ. Shrl (1000 °C (48 hrl 


Figure 6. -£tf«ct o I corrosion on room temperature 4-pt bend 
olo-SIC. 








fi9ur*7. Leidlngedg* fractur* origin ot « burn»i rig corrode sp#cim*n (®c JMMPoi. lit Crack lin»y radiating Irom 
corrosion pit. ibi Glauy product ind •ntrjpprd bubbles it origin, id Pitting it origin revKlad by Hf oissolution. 
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Figure 8. • Trailing edqr Iracture or'gm ol a burnar rig corroded soecimen W| ??8MPai. iai Matting halm ol fracture 
origin, ibi Glassy product at origin, tci Pitting at origin revealed by Hf dissolution. 













figur* U. • fltctron micraprobe *n*ly»u ol »potuh«dcro« vfttion ol glMiy product* lo. m*d on turtle corrododiNijSO^iriO SiC. 


figure 12, • Surlece view o! lur nice corroded iNe^SO^ein a SiC iproducts removed with HU. 
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